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(54) FUEL CELL 

(57) A fuel cell Is provided that includes a polymer 
electrolyte membrane having a cathode and a gas dif- 
fusion layer arranged in this order on one surface, and 
an anode and another gas diffusion layer arranged in 
this order on Its other surface. Recently, various meth- 
ods of retaining moisture produced near the cathode 
have been adopted to ensure proper humidification and 
ion conductivity within the membrane. However, under 
certain operating conditions, conventional fuel cells al- 
low excessive amounts of moisture to evaporate and es- 
cape into the oxidizing gas, causing the membrane to 
dry up. This fuel cell was designed to solve such prob- 
lems by including a first and second layer within the 
cathode-side gas diffusion layer. The first layer is in con- 
tact with the cathode, and the second layer, which is 
thicker than the first layer, is the layer along which oxi- 
dizing gas is distributed and through which oxidizing gas 
is passed. 



FIG. 2 




Printed by Jouve. 75001 PARIS (FR) 





EP 1 289 036 A1 



Description 



Technical Field 



5 [0001] The present invention relates to improved technologies for maintaining humidification and gas diffusion prop- 
erties of solid polymer membranes found within fuel cells such as solid polymer electrolyte fuel cells and direct methanol 
fuel cells. 

Background Art 



[0002] Normally, fuel cells generate electricity by means of a reaction between hydrogen and oxygen that occurs 
when a fuel gas including hydrogen is supplied to the anode side of the fuel cell and an oxidizing gas including oxygen 
is supplied to the cathode side of the fuel cell. Generally, air is used for the oxidizing gas. And for the fuel gas, either 
pure hydrogen or some other hydrogen-rich reformed gas made from light hydrocarbons such as natural gas or naphtha 



[0003] Although there are many types of fuel cells, much research during recent years has been dedicated to polymer 
electrolyte fuel cells (PEFCs) that use solid polymer membranes as electrolytes. An example of this would be a polymer 
electrolyte fuel cell that includes a cathode and an anode on either side of a polymer electrolyte membrane made of 
a fluoride-type cation exchange resin or the like and these further being sandwiched between two gas diffusion layers. 

20 [0004] FIG. 7 (a) is a partial sectional drawing showing a polymer electrolyte membrane area, a cathode, and a gas 
diffusion layer. Here the gas diffusion layer comprises carbon particles adhered to cellulose-type carbon fibers or. the 
like. This functions to supply uniformly diffused fuel gas and oxidizing gas to the polymer electrolyte membrane (for 
details, refer to Japanese Laid-Open Patent Application No. H5-283082, No. H6- 52864, and No. 7-78617). 
[0005] Polymer electrolyte fuel cells actually in use obtain a high level of output by means of individual cells with the 

25 above-mentioned construction being stacked into multiple layers. 

[0006] When polymer electrolyte fuel cells are used, it is essential that humidification be maintained in the polymer 
electrolyte membrane in order to increase ion conductivity and decrease internal resistance. A common method of 
achieving this, for example, is a humidification method that involves adding humidity to the fuel gas before it is supplied 
to the fuel cell. Another approach involves humidifying the polymer electrolyte membrane by retaining the moisture 

30 that naturally develops upon the output of electricity at the area where the cathode and the polymer electrolyte mem- 
brane meet. 

[0007] However, with the above fuel cell construction, problems such as that illustrated in FIG. 7(b) can arise (in this 
diagram, the gas diffusion layer is drawn In a simplified form). That is to say that under certain operating conditions 
(such as when there is limited use of an oxidizing agent) the moisture that naturally develops upon the output of elec- 

35 tricity at the area where the cathode and the polymer electrolyte membrane meet passes through the gas diffusion 
layer to then evaporate into the oxidizing gas. As a result, the polymer electrolyte membrane dries up and develops 
increased internal resistance, which then results in a decrease in the efficiency with which electricity is generated. 
[0008] To counteract this it is possible to suppress the evaporation of produced moisture by increasing the amount 
of carbon particles attached to the carbon fibers and therefore increasing the densityjof the carbon fibers. This method 

40 is somewhat effective in suppressing evaporation, but there are cases in which this would be overly effective, causing 
excessive amounts of moisture to be retained. This can result in the pores of the gas diffusion layer (the spaces between 
the various carbon fibers) becoming clogged with moisture, which would lead to decreased diffusion of the gas supplied 
to the polymer electrolyte membrane and a decrease in the efficiency with which electricity is generated. It is particularly 
easy for such problems to arise when the polymer electrolyte membrane is thin (as thin as 50 urn) and has a limited 

45 water content. Therefore, it is essential to develop solutions as soon as possible. 

[0009] There is definitely room for improvement in current technology for developing means for stabilizing the hu- 
midification of the polymer electrolyte membrane while maintaining gas drffusibility, despite changes in operating con- 
ditions. 

50 Disclosure of the Invention 

[0010] Taking the above problems into consideration, it is an object of the present invention to provide a fuel cell, 
such as a polymer electrolyte fuel cell, that is capable of stable production of electricity by maintaining ideal gas dif- 
fusibllity and polymer electrolyte membrane humidification despite changes in operating conditions. 
55 [001 1] The above object can be achieved by a fuel cell that includes an electrolyte membrane having (a) a cathode 
and a gas diffusion layer arranged in the stated order on one surface of the electrolyte membrane, and (b) an anode 
and another gas diffusion layer arranged in the stated order on the other surface of the electrolyte membrane. This 
fuel cell generates electricity when an oxidizing gas is distributed along and passed through the surface of the cathode- 
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is used. 



2 



EP 1 289 036 A1 

side gas diffusion layer and a fuel gas is distributed along and passed through the surface of the anode-side gas 
diffusion layer. Additionally, the cathode-side gas diffusion layer should be made up of a first layer in contact with the 
cathode, and a second layer that is thicker than the first layer. This allows for more flexibility in the capabilities of the 
gas diffusion layer when the oxidizing gas is distributed along its surface. Stable operation of the fuel cell can be 

5 actualized with this arrangement despite a wide range of humidifi cation conditions and gas utilization ratios. 

[0012] Concretely speaking, a cathode-side gas diffusion layer such as this can be made up of a fibrous porous 
material (such as carbon paper) to which conductive particles (such as carbon particles) are attached. 
[0013] Note that in this case the average pore size of the second layer is greater than the average pore size of the 
first layer. This gives the first layer the function of retaining water and maintaining the humidification within the polymer 

10 electrolyte membrane, while the second layer, due to its comparatively large pore size, has the ability to maintain 
optimal gas diffusibility. 

[0014] The above-mentioned "pores" refers to the spaces found between the fibers of the porous material, the spaces 
found between the conductive particles adhered to the fibers, or the spaces found between the fibers and the conductive 
particles. And the above-mentioned "average pore size" refers to an average value for the first layer and an average 
15 value for the second layer calculated from measurements of the spaces between the fibers of the porous materials, 
the spaces between the conductive particles adhered to the fibers, or the spaces between the fibers and the conductive 
particles. 

[001 5] The pore sizes are determined by the amount of conductive particles adhered to the fibers, and the first and 
second layers are formed by controlling this amount of adhered particles. The average pore size in such an arrangement 
20 can be measured by using a device such as the Shimadzu Pore Sizer 9310, which relies on a well-known mercury 
injection method disclosed in Japanese Laid-Open Patent Application No. H1 0-356447. 

[0016] The carbon particles of the first layer can be made up of furnace black alone, or furnace black mixed with 
acetylene black, expanded graphite, fibrous graphite, or any combination thereof. And the carbon particles of the sec- 
ond layer can be made up of acetylene black alone, or acetylene black mixed with furnace black. Since these materials 
25 are readily available for purchase, it makes fuel ceil construction easier and less costly. 

[0017] When the cathode-side gas diffusion layer is constructed in this way, with the porous material containing 
carbon particles and water repelling resin, the following conditions are desirable for obtaining optimal results from the 
present invention. These findings are based on working examples. 

[0018] The carbon particles found within the first layer should have an average specific surface area that ranges 
30 from 1 00 m 2 /g to 1000 rr^/g, inclusive, and the carbon particles found within the second layer should have an average 
specific surface area of less than 100 m 2 /g. In this way, the first layer, having comparatively large carbon particles, 
ensures water retention, allowing for the maintenance of optimal humidification of the polymer electrolyte membrane. 
On the other hand, the second layer, having comparatively small carbon particles, ensures the appropriate amount of 
water loss, allowing for improved gas distribution. Note that the above specific surface area values were discovered 
35 by the inventors of the present invention to be those which are necessary for optimal effectiveness of the present 
invention. 

[0019] Furthermore, this cathode-side gas diffusion layer that is made up of the first and second layers should have 
a water retention capacity ranging from 0.5 mg/cm 2 to 1.5 mg/cm 2 inclusive, while at the same time having a water 
retention density ranging from 0.05 g/cm 3 to 0.5 g/cm 3 inclusive. This ensures a water retention area, primarily involving 

40 the first layer, that can maintain optimal humidification conditions for the polymer electrolyte membrane. 

[0020] In this case, "water retaining capacity" is defined as the weight of water retained per unit surface area after 
the object being measured is soaked and boiled for one hour in an ion-exchange water solution and is cooled to room 
temperature. "Unit surface area" refers to a unit surface area within the region in which a conductive water retention 
means is executed. And "water retention density" refers to the thickness of the region in which a conductive water 

45 retention means is executed and is a value obtained by dividing the above-mentioned water retention capacity. That 
is to say that water retention density is defined as the weight of water retained per volume within the region in which 
a conductive water retention means is executed. 

Brief Description of the Drawings 

50 

[0021] 

FIG. 1 is an assembly drawing of a cell unit that makes up the overall structure of the polymer electrolyte fuel cell 
of the present embodiment. 
55 FIG. 2 is a sectional drawing showing the structure of the cell of the present embodiment 

FIG. 3 is a sectional drawing of the structure of the cell that shows how gas diffusion takes place within the gas 
diffusion layer (second layer). 

FIG. 4 is a sectional drawing of the structure of the cell that shows how water is retained within the gas diffusion 
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layer (first layer). 

FIG. 5 is a graph showing the relationship between cell voltage and oxidizing agent usage rates. 

FIG. 6 is a graph showing the changes in cell voltage that take place over time. 

FIGs. 7(a) and 7(b) are sectional drawings showing the structure of a conventional cell. 

FIG. 7 (a) is a drawing that shows the arrangement of carbon fibers and carbon particles. 

FIG. 7(b) is a drawing that shows the way in which excessive amounts of moisture are lost from the gas diffusion 
layer through evaporation. 



Best Mode for Carrying Out the Invention 

10 

1. Preferred Embodiment 

[0022] The following describes a fuel cell (a polymer electrolyte fuel cell) that is an embodiment of the present in- 
vention, with reference to the attached figures. 

15 

1-1. Overall Structure of the Cell Unit 

[0023] FIG. 1 is an assembly drawing of a cell unit 10, which makes up the overall structure of a polymer electrolyte 
fuel cell of the present embodiment As indicated in the drawing, the entire body of cell unit 10 comprises a cell 20 

20 situated between a cathode-side channel plate 60 and an anode-side channel plate 50. 

[0024] Cell 20 comprises a polymer electrolyte membrane 21 , electrodes 22 and 23 (cathode 22 and anode 23), a 
cathode-side gas diffusion layer 24, and an anode-side gas diffusion layer 25. Note that in FIG. 1 the anode 23 is 
situated beneath the polymer electrolyte membrane 21 and, therefore, is indicated by a dashed line. 
[0025] The cathode-side channel plate 60 is layered together with the cathode 22 side of this cell 20, with a gasket 

25 40 sandwiched therebetween. And the anode-side channel plate 50 is layered together with the anode 23 side, with a 
gasket 30 sandwiched therebetween. The cathode 22 and anode 23 are mold formed sheets that contain catalyst- 
carrying particles (platinum-carrying particles) and are sometimes called catalyst layers or reaction layers. 
[0026] Gas diffusion layer 24 is situated between the cathode 22 and the cathode-side channel plate 60, and gas 
diffusion layer 25 is situated between the anode 23 and the anode-side channel plate 50. These gas diffusion layers 

30 maintain the flow of electricity between the electrodes 22 and 23 and the channel plates 50 and 60, so they are also 
called current collecting layers. 

[0027] The anode-side channel plate 50 (In FIG. 1, the plate on the extreme bottom of the stack) is an injection- 
molded unit made up of phenolic resin, or some other resin material, mixed with carbon powder. On its surface that 
faces the anode-side gas diffusion layer 25, the channel plate 50 has ribs 56 that extend along the length of the plate 
35 in the direction of the x-axis. These ribs are incrementally spaced apart along the direction of the y-axis. This arrange- 
ment results in channels 55 that cause a fuel gas (pure hydrogen or a hydrogen-rich reformed gas) to flow along the 
length of the plate. 

[0028] Note that although the description of this embodiment will include an explanation of an external humidification 
method wherein moisture is added to the fuel gas in order to supply moisture to the cell unit 10, the present invention 

40 is not limited to an external means. An internal humidification method may also be used. 

[0029] In order to form an internal manifold, the polymer electrolyte membrane 21 , the gaskets 30 and 40, the anode- 
side channel plate 50, and the cathode-side channel plate 60, are all designed with holes 61-64, 4 1-44, 211-214, 31-34, 
and 51-54 (44, 214, 34, and 53 are not shown in the diagram) in each of their four corners. Fuel gas is supplied to the 
channels 55 of the anode-side channel plate 50 through the holes 53, 33, 213, 43, and 63. and this gas is released 

45 through the holes 51,31,211,41, and 61 . Oxidizing gas is supplied to the channels of the cathode-side channel plate 
60 through the holes 54, 34, 214, 44, and 64, and this gas is released through the holes 52, 32, 21 2, 42. and 62. The 
hole 64 is positioned to serve as the intake hole for the oxidizing gas that Is to be supplied to the cathode-side gas 
diffusion layer 24. 

[0030] Note that the cell unit 1 0 would actually be but one part of a multi-layered construction of a plurality of individual 
50 units (a cell stack) designed for high output of electricity. In such a design, the individual units are stacked one on top 
of another and fixed in place with divider plates therebetween, and the cell units at each extreme end of the assembly 
serve as end plates. 

[0031] Since the outstanding characteristics of the embodiment of the present invention are primarily found within 
the composition of the cell 20, the following explanation will be that of the various structures within the cell 20, focusing 
55 on the polymer electrolyte membrane 21 . 
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1-2. The Overall Structure of the Cell 

[0032] The polymer electrolyte membrane 21 is an electrolyte membrane derived from a fluoric cation exchange 
resin such as perfluorocarbon sulfonate. In this design, the dimensions are set with the surface area at 144 cm 2 , the 
5 length along the x-axis at 12 cm, the length along the y-axis at 12 cm, and the thickness in the direction of the z-axis 
at approximately 50 um. 

[0033] The electrode 22 (as well as 23) is a membrane electrode made of carbon black, and is somewhat smaller 
than the polymer electrolyte membrane 21 (the electrode surface area is 100 cm 2 , the length along the x-axis is 10 
cm, the length along the y-axis is 10 cm, and the thickness in the direction of the z-axis is 20 urn). The electrodes 22 
10 and 23 are respectively layered together with the cathode-side gas diffusion layer 24 and the anode-side gas diffusion 
layer 25. Then these layers are centered and adhered to the respective main surfaces of the polymer electrolyte mem- 
brane 21 by means of a hot press. 

[0034] Both of these gas diffusion layers 24 and 25 are constructed of a fibrous porous carbon paper to which a 
water-repelling resin (the copolymer tetrafluoroethylene-hexafluoropropylene (FEP)) is applied, and into which con- 

f 5 ductive carbon particles are charged. 

[0035] FIG. 2 is a partial sectional drawing of the cell showing the cathode-side gas diffusion layer 24. As indicated 
in this drawing, a special characteristic of the present embodiment is the presence of two separate layers, within the 
cathode-side gas diffusion layer, that are layered in the direction of the thickness of the cell (in the direction of the z- 
axis). In Immediate contact with the main surface of the polymer electrolyte membrane 21 is the first layer 241 , which 

20 has a smaller pore size (for example, less than 10 um) in comparison to the second layer 242 (whose pore size could 
be, for example, 10 u.m or more). Furthermore, the carbon particles 241b within the first layer 241 have an average 
specific surface area ranging from 100 cm 2 to 1000 cm 2 /g, inclusive, and the carbon particles 242a within the second 
layer 242 have an average specific surface area of less than 100 crr^/g. 

[0036] In this way, the cathode-side gas diffusion layer of the present invention is made up of sub-layers stacked in 
25 the direction of the thickness of the cell. These sub-layers have differing pore size averages, and the specific surface 
areas of their carbon particles also differ. Due to this arrangement within the cathode-side gas diffusion layer 24, gas 
diff usability is higher in the second layer 242 than in the first layer 241, and water retention is higher in the first layer 
241 than in the second layer 242 (details to be explained later). 

[0037] Additionally, the thickness of the gas diffusion layer 24 is 200 jim, the same as that of conventional designs. 

30 And in this case, the thickness of the first layer 241 within the gas diffusion layer is 10 pm and the thickness of the 
second layer 242 is 190 u.m. However, these thicknesses serve only as examples, and the present invention is not 
limited to these measurements. The thickness may be adjusted as is appropriate, but, as constructed above, the thick- 
ness of the second layer 242 must be greater than that of the first layer 241 in order to achieve both effective water 
retention and effective gas diffusion. 

35 [0038] Note that if the cathode-side gas diffusion layer 24 is too thick, the gas diffusibility will drop. Therefore, it is 
desirable to maintain the same thickness as in conventional designs (approximately 200 urn). Also, it is possible to 
have a design in which the first layer 241 is in partial or full contact with the oxidizing gas (that is, the second layer 242 
could partially or totally be excluded) . However, in order to achieve both effective hu mi difi cation within the polymer 
electrolyte membrane and effective oxidizing gas diffusibility, it is desirable to include the second layer 242 as laid out 
in the present embodiment. 

1-3. Cell Construction Method 

[0039] The following explanation is an example of a method for constructing the cell 20. 
45 [0040] First, a fluoric cation exchange resin membrane (for instance, a Nafion 112 membrane made by Dupont with 
a thickness of 50 u.m) is prepared according to the prescribed measurements to create the polymer electrolyte mem- 
brane. The polymer electrolyte membrane need not be limited to this fluoric material; a different cation exchange resin 
would be acceptable. 

[0041 ] For the construction of the cathode-side gas diffusion layer, a carbon paper with a thickness of about 200 um 
so is impregnated with an alcohol dispersant containing 16 wt% water-repelling resin (FEP). Then it is baked at approx- 
imately 380°C for one hour. 

[0042] The above-mentioned carbon paper can be a kerosene pitch type, a polyacrylonitrile type, or a cellulose type 
of carbon paper commonly available for purchase (an example would be TGP-H-060 made by Toray). The average 
pore size of the gas diffusion layer will vary depending on the size of the spaces between the carbon fibers, but if the 
55 above-mention carbon paper (To ray's GP-H-060) is used then a gas diffusion layer with an average pore size similar 
to that of the present embodiment (less than 1 0 pm for the first layer 241 , and 1 0 pm or more for the second layer 242) 
can be made. 

[0043] A fluoric resin is most suitable for the water-repelling resin to be used in the construction of the gas diffusion 
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layer. Any of the following can be used: polytetrafluoroethylene (PTFE; for example, Teflon made by Dupont), perfluor- 
ocarbon sulfonate (for example, Nation made by Dupont), the copolymer tetrafluoroethylene-perfluoroalkyl vinyl ether 
(PFA). the copolymer tetrafluoroethylene-hexafluoropropylene (FEP), polychlorotrifluoroethylene (PCTFE), polyvyni- 
lidene fluoride (PVDF), polyvynil fluoride (PVF). or the copolymer ethylene-tetrafluoroethylene (ETFE). 

5 [0044] Once the water-repelling resin has been adhered to the carbon paper in the above fashion, the next step 
involves applying carbon particles whose average specific surface area is less than 100 rr^/g to create what eventually 
becomes the second layer. An actual example of a material to be applied would be a slurry made by mixing carbon 
particles averaging 68 m 2 /g (such as Denka Carbon Black, made by Denki Kagaku Kogyo, with an average particle 
diameter of 42 nm) with a PTFE dispersion agent. (Such a slurry has a carbon particle-PTFE weight mixture ratio of 

10 10:11.) Next, the slurry is evenly and smoothly applied to one of the carbon paper surfaces with a blade so that the 
particles penetrate the surface of the paper. Then the paper is left to dry at room temperature. With this method, the 
thickness of the second layer can be controlled by varying the amount of slurry that is applied with the blade. 
[0045] The next step is the formation of the first layer. First, a slurry is prepared by mixing a PTFE dispersion agent 
with carbon particles whose average specific surface area is 100 rr^/g or more. An actual example would be a slurry 

75 made by mixing the dispersion agent with carbon particles averaging 950 m 2 /g (such as Ketjen Black EC, made by 
AKZO, with an average particle diameter of 30 nm). This is then applied with a blade as a layer on top of the above* 
mentioned second layer that was applied to the surface of the carbon paper. Next after being left to dry at room 
temperature, the carbon paper undergoes a heating process (for example, approximately 2 hours at 360° C). This 
completes the formation of the first and second layers within the cathode-side gas diffusion layer. 

20 [0046] Note that the carbon particles measuring tens of nanometers in diameter are much smaller than the thickness 
of the fibers of the porous material. Although this is the case, the average pore diameter of the gas diffusion layer can 
be controlled by varying the amount of carbon particles applied. 

[0047] Although it is acceptable to use carbon particles with an average specific surface area of 100 rr^/g or larger 
for the first layer, it is actually desirable to keep the average specific surface area at or below 1000 m 2 /g in order to 
25 ensure proper carbon particle dispersion. Additionally, although it is acceptable to use carbon particles with an average 
specific surface area of less than 100 m 2 /g for the second layer, it is actually desirable to keep 50 m 2 /g as the lower 
limit for the average specific surface area in this case. 

[0048] For the construction of the anode-side gas diffusion layer, carbon paper with a thickness of about 200 nm is 
impregnated with an alcohol dispersant containing 16 wt% water-repelling resin (FEP). Then it is baked at approximately 
30 380° C for one hour. For both the carbon paper and the water-repelling resin, the same materials as those used for the 
above-mentioned cathode-side gas diffusion layer can be used. 

[0049] Once both of the gas diffusion layers are formed, the catalyst layers (cathode and anode) can be formed. 
This is done by applying a slurry made up of platinum-carrying carbon (Pt/C), Nation, and PTFE (these three substances 
having a weight ratio of 100:20:5) to a surface of each gas diffusion layer. These catalyst layers should be applied at 
35 a thickness of approximately 20 ^im. Next, they are heat dried (for example, at 80° C for 60 minutes) to remove any 
solvent alcohols through evaporation. 

[0050] All of the parts formed above are then layered in the following order the anode-side gas diffusion layer, the 
anode, the polymer electrolyte membrane, the cathode, and, finally, the cathode-side gas diffusion layer. Then all of 
these layers are formed into one solid unit by means of a hot press (150°C, 50 kg/cm 2 , 60 sec.). This completes the 

40 formation of cell 20. 1-4. Fuel Cell Operations and the Effects of the Present Embodiment 

[0051] In the operation of a polymer electrolyte fuel cell such as this, a humidified hydrogen gas is used as the fuel 
gas supplied to the fuel cell and air is used as the oxidizing gas. When the fuel gas is supplied to the anode 23 side 
of the cell, its hydrogen changes to a proton form (H 2 -> 2H + + 2e~) and in its humidified state the gas migrates through 
the polymer electrolyte membrane 21 to the cathode 22 side. The oxygen molecules within the oxidizing gas that is 

45 supplied to the cathode side then combine with the protons that have migrated into the polymer electrolyte membrane 
to produce water (2H* + 2e _ + 1/20 2 -> H 2 0). 

[0052] Due to the water produced from this chemical reaction (electricity-generating reaction) and the moisture added 
to the fuel gas that is supplied to the cell unit 10, hum idifi cation within the polymer electrolyte membrane 21 is achieved. 
As a result, its internal resistance is lowered and its ion conductivity is optimized. On the other hand; some moisture 
so from the polymer electrolyte membrane 21 escapes through the electrodes 22 and 23 and is lost through evaporation 
into the oxidizing gas. The level of humidification within the polymer electrolyte membrane 21 is maintained through a 
balance of all three of these factors - the added moisture, the water produced by the electricity generating reaction, 
and evaporation into the oxidizing gas. 

[0053] During the operation of conventional fuel cells, problems arise such as that indicated in above-mentioned 
55 FIG. 7(b) . What is shown is a gas diffusion layer, made up of carbon cloth and carbon particles, that, due to evaporation 
into the oxidizing gas, loses excessive amounts of the water produced near the cathode. This occurs quite easily when 
only small amounts of moisture are added to the fuel or the oxidizing agent. When moisture evaporates into the gas 
in this manner and escapes from the reaction area near the cathode (the so-called "3 phase interface," where the 
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electrolyte, catalysts, and air Interact), the membrane's ion conductivity drops as does the electricity generating effi- 
ciency. Even when the oxidizing gas supplied to the cathode side is obtained from outside the fuel cell (that is. when 
comparatively small amounts of oxidizing agent are used), the flow rate of the oxidizing gas within the fuel cell becomes 
comparatively high. As a result, this oxidizing gas passes through the gas diffusion layer and the cathode, causing an 
5 increase in the amount of moisture removed from the polymer electrolyte membrane due to evaporation. 

[0054] In addition to the above-mentioned problem of excessive evaporation of produced water, conventional designs 
are flawed in that excessive evaporation also occurs when water particles accompany the protons created during the 
electricity generating reaction and migrate along with those protons. This can also lead to a drop in electricity generating 
efficiency. 

10 [0055] It is easily assumed that a solution to such problems would be to simply increase the density of the carbon 
fibers used in the gas diffusion layers and increase the number of carbon particles packed within the fibers. However, 
while decreasing the amount of water that evaporates after passing through the gas diffusion layer would result in 
improved water retentivity in the polymer electrolyte membrane, this increased density in the gas diffusion layer would 
not necessarily produce good results. The higher the density of the gas diffusion layer, the more difficult it becomes 

is for even the oxidizing gas to pass through to reach the membrane. This would lead to a reduction in electricity generating 
efficiency. Indeed, with such an approach it is extremely difficult to optimize water retentivity within the polymer elec- 
trolyte while maintaining sufficient gas diffusibility. 

[0056] As a solution to these problems, the present embodiment is designed with a layered construction for the 
cathode-side gas diffusion layer 24, wherein the first layer 241 optimizes water retentitivity, and the second layer 242 
20 optimizes gas diffusibility. The following paragraphs explain how ideal water retention and ideal gas diffusion can both 
be achieved with this construction. 

[0057] As shown in FIG. 3, a partial sectional drawing of the cell of the present embodiment, the average pore size 
of the second layer 242 is comparatively large at 10 urn or more, so the oxidizing gas is easily taken in. in addition to 
this pore characteristic, this second layer 242 is made up of carbon particles 242b t with a comparatively small average 
25 specific surface area (less than 100 m 2 /g), and carbon fibers 242a. With this arrangement, the oxidizing gas that is 
taken in spreads widely throughout the second layer 242 and an ideal diffusion takes place. (Note that in FIG. 3 the 
drawing of the gas diffusion layer is simplified in order to better illustrate the flow .of the gas.) 

[0058] Next, as shown in FIG. 4, another partial sectional drawing of the cell of the present embodiment, the average 
pore size of the first layer 241 is comparatively small at less than 10 \i m. This causes the water produced during 

30 electricity generating reactions to soak in and spread throughout the first layer 24 1 by means of capillary action, allowing 
the water to accumulate in the layer over extended periods of time. This accumulated moisture serves to humidify the 
oxidizing gas that is taken into the gas diffusion layer 24 so that this gas contains plenty of moisture by the time it 
reaches the polymer electrolyte membrane 21 . This design also limits the amount of moisture in the polymer electrolyte 
membrane 21 that is lost due to evaporation into the oxidizing gas. An additional feature of this first layer 241 that uses 

35 capillary action to optimize its water retaining properties is its uneven surface made up of carbon particles with a 
comparatively large average specific surface area (ranging from 100 m 2 /g to 1000 rr^/g, inclusive). Finally, in the 
present embodiment this first layer 241 can ensure water retention while also allowing for proper gas diffusion because 
the thickness of the entire cathode-side gas diffusion layer 24 does not differ from that of conventional designs and 
the first layer 241 is thinner than the second layer 242. 

40 [0059] When only small amounts of oxidizing gas are provided to the cathode side of a fuel cell from outside the cell 
(that is, when large amounts of oxidizing agent are used), the flow rate of this oxidizing gas within the fuel cell drops. 
This can easily lead to excessive accumulation of produced water within the cathode-side gas diffusion layer. However, 
in the present embodiment the first layer 241 is thinner than the second layer 242, limiting any increases in the water 
retention density and preventing any excessive build up of water within the gas diffusion layer. 

45 [0060] As defined earlier, "water retention capacity- is the weight of water retained per unit surface area after the 
object being measured is soaked and boiled for one hour in an ion-exchange water solution and is cooled to room 
temperature. "Unit surface area" refers to a unit surface area within the region in which a conductive water retention 
means is executed. And "water retention density" refers to the thickness of the region in which a conductive water 
retention means is executed and is a value obtained by dividing the above-mentioned water retention capacity. That 

so is to say that water retention density is defined as the weight of water retained per volume within the region in which 
a water retention means is executed. 

[0061] In this way, the present embodiment overcomes the problems encountered in conventional designs by includ- 
ing two different layers, a layer (the first layer) for ensuring water retention and a layer (the second layer) for ensuring 
gas diffusibility, within the cathode-side gas diffusion layer. 
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2. Performance Comparison Experiments 

2-1. The Construction of the Cells to be Tested 

5 [0062] In order to confirm the effectiveness of the present invention, various cells were constructed to serve as 
working example cells, comparison example cells, and conventional example cells. They were constructed using the 
cell construction method of 1-3 above as well as construction methods indicated in TABLE 1 below. Note that in the 
table the unit used for "1 st Layer Application Amount" and "2 nd Layer Application Amount" is mg/cm 2 . 
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[TABLE 1] 





1 51 Layer Application Amt 


2 nd Layer Application Amt 


Working Ex. 1 


0.20 


1.0 


Working Ex. 2 


0.10 


3.0 


Working Ex. 3 


0.30 


9.0 


Working Ex. 4 


0.68 


1.4 


Comparison Ex. 1 


0.16 


0.8 


Comparison Ex. 2 


0.10 


2.0 


Comparison Ex. 3 


0.08 


3.5 


Comparison Ex. 4 


0.25 


10.4 


Comparison Ex. 5 


0.22 


0.8 


Comparison Ex. 6 


0.70 


1.1 


Comparison Ex. 7 


0.74 


. 1.2 


Comparison Ex. 8 


0.30 


10.0 


Conventional Ex. 


2.80 



35 



40 



45 



50 





Water Retention Capacity (mg/cm 2 ) 


Water Retention Density (mg/cm 3 ) 


Working Ex, 1 


0.5 


0.50 


Working Ex. 2 


0.5 


0.05 


Working Ex. 3 


1.5 


0.05 


Working Ex. 4 


1.5 


0.50 


Comparison Ex. 1 


0.4 


0.50 


Comparison Ex. 2 


0.4 


0.05 


Comparison Ex. 3. 


0.5 


0.04 


Comparison Ex. 4 


1.5 


0.04 


Comparison Ex. 5 


0.5 


0.60 


Comparison Ex. 6 


1.5 


0.60 


Comparison Ex. 7 


1.6 


0.50 


Comparison Ex. 8 


1.6 


0.05 


Conventional Ex. 


0.1 


0.02 
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2-1-1. Construction of the Working Example Cells 

[0063] The following is an explanation of the construction method used for the cathode-side gas diffusion layer. 
[0064] A porous material (fibrous carbon, Toray's TGP-H-60, 200 \i m in thickness) was impregnated with an alcohol 
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dispersant containing 16 wt% water-repelling resin (the copolymer tetrafluoroethylene-hexafluoropropylene, FEP), and 
then it was baked at approximately 380°C for one hour. This was followed by the application of a slurry prepared by 
mixing Denka Carbon Black (made by Denki Kagaku Kogyo) with a PTFE dispersion agent (this application formed 
the second layer). After this, a slurry prepared by mixing a PTFE dispersion agent with Ketjen Black EC (made by 
5 AKZO) was applied on top of the above application (forming the first layer) . Table 1 shows the actual amounts applied. 
Also, the water retention capacities and the water retention densities for the porous base material are shown in Table 1 . 
[0065] Following these guidelines, 4 types of working example cells were constructed. 

2-1-2. Construction of the Comparison Example Cells 

10 

[0066] The cathode-side gas diffusion layers for the comparison example cells were constructed in the same manner 
as the working example cells, using a two-layer construction. The amount of slurry applied to the porous base material 
as well as the water retention capacities and the water retention densities of that material are all shown in Table 1. 
[0067] Following these guidelines, 8 types of comparison example cells were constructed. 

15 

2-1-3. Construction of the Conventional Example Cells 

[0068] The cathode-side gas diffusion layers for the conventional example cell were constructed using a simple 
single layer, not having separate first and second layers. Using the amounts indicated in Table 1, a slurry made by 
20 mixing Denka Black (made by Denki Kagaku Kogyo) and a PTFE dispersion agent was applied to both surfaces of the 
porous base material. Although this part of the construction varied from that of the working example cells, the same 
cathode-side porous base material was used, and the water retention capacity and the water retention density of this 
material was as indicated in Table 1. The end result of this construction was the same cell as shown in FIG. 3. 
[0069] Following these guidelines, 1 type of conventional example cell was constructed. 

25 

2-2. Performance Comparison Experiments and Considerations 

[0070] The working example cells, comparison example cells, and conventional example cells (13 cells in total) 
constructed in the above manner were measured for stability and other characteristics in regards to their oxidizing 
30 agent usage rates. The conditions under which these measurements took place are laid out below. 

2-2-1. Experiments and Considerations Regarding Oxidizing Agent Usage Rates 

[0071] In order to determine the changes that occur in cell voltage when oxidizing agent usage rates are changed, 
35 the relationship between oxidizing agent usage rates and cell voltage for working examples 1 through 4, comparison 
examples 1 through 4, and the conventional example were studied. The oxidizing agent usage rates were controlled 
by controlling the flow rate of the oxidizing gas supplied to the fuel cells. 
[0072] The specific testing conditions are indicated below. 

40 Electric Current Density: 400 mA/cm 2 

Fuel: hydrogen (fuel usage rate 50%, humidification temperature 80°C) 
Oxidant: air (non-humidified) 
Temperature: 70°C 

45 [0073] The results of this experiment are shown in FIG. 5. As shown in this graph, working example cells 1 through 
4 were able to maintain higher and more stable voltages, under a wide range of conditions, in comparison to comparison 
example cells 1 through 4 and the conventional example cell. These higher and more stable voltages were maintained 
at times of low oxidizing agent usage rates (20 to 50%), when the oxidizing gas flow rate within the fuel cell was high 
and it was comparatively easy to lose the moisture within the polymer electrolyte membrane. And they were maintained 

so at times of high oxidizing agent usage rates (50 to 70%). when the oxidizing gas flow rate within the fuel cell was low 
and it was comparatively easy for moisture within the polymer electrolyte membrane to increase (for condensation to 
accumulate). 

[0074] Regarding the range of conditions in which there were low oxidizing agent usage rates and drying was more 
likely, the cause for the lower cell voltages for comparison example cells 1 and 2, as well as the conventional example 
55 cell, lies in the fact that these cells had small water retention capacities of 0.4 g/cm 2 or 0.1 g/cm 2 . This gave them a 
greater likelihood of undergoing localized drying. In the case of the conventional example cell, the water retention 
density was also small, adding to the likelihood of drying. 

[0075] Next, regarding the range of conditions in which there were high oxidizing agent usage rates and condensation 
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was more likely to accumulate, the cause for the particularly low cell voltages for comparison examples cells 3 and 4. 
as well as the conventional example cell, lies in the fact that these cells had low water retention densities of 0.04 g/ 
cm 3 or 0.02 g/cm 3 . This led to a build up of condensation in the area of the gas diffusion layer, causing a drop in gas 
diffusibility. From these results, it is clear that working examples 1 through 4 optimized each particular oxidizing agent 
5 usage rate. 

[0076] The water retention densities of working example cells 1 through 4 as well as comparison example cells 1 
and 2 were quite high at 0.05 g/cm 3 or 0.50 g/cm 3 . Due to this, they were able to actualize efficiency in generating 
electricity (specifically, ion conductivity) and could; therefore, produce the optimum levels of cell voltage shown in the 
diagram. Working example cells 1 through 4 deserve particular attention in that they had large water retention capacities 
10 ranging from 0.5 mg/cm 2 to 1.5 mg/cm 2 : When these characteristics were combined with the above-mentioned high 
water retention density, proper moisture could be maintained within the polymer electrolyte membrane while, at the 
same time, optimal gas diffusibility was maintained by preventing condensation near the gas diffusion layerfrom building 
up. 



15 2-2-2. Experiments and Considerations Regarding Cell Endurance 

[0077] Next, using the cells that were constructed for the experiments, measurements of cell endurance were con- 
ducted. The following are the conditions under which the testing took place. 

20 Electric Current Density: 400 mA/cm 2 

Fuel: hydrogen (fuel usage rate 50%, humidification temperature 80°C) 
Oxidant: air (oxidant utilization rate 50%) 
Temperature: 70°C 

25 [0078] The results of this experiment are shown in FIG. 6. As indicated in this graph, each of working example cells 
1 through 4 underwent minimal decreases in cell voltage in comparison to comparison example cells 5 through 8 and 
the conventional example cell. The reason for this difference lies in the fact that the cathode-side gas diffusion layers 
of working example cells 1 through 4 ensured both proper water retention and proper gas diffusibility, while comparison 
example cells 5 and 6 had excessive water retention densities and comparison example cells 7 and 8 had excessive 

30 water retention capacities. In comparison example cells 5 and 6 this caused an excess of retained water, primarily in 
the first layer. And in comparison example cells 7 and 8 this caused an excess of retained water in both the first and 
second layers. Both of these situations led to a decrease in gas diffusibility and a decrease in cell voltage. 
[0079] Taking into consideration the above performance comparison experiments, it is clear that the cathode-side 
gas diffusion layer, made up of a first and second layer, is most effective with a water retention capacity ranging from 

35 0.5 mg/cm 2 to 1 .5 mg/cm 2 , inclusive, and a water retention density ranging from 0.05 mg/cm 3 to 0.5 mg/cm 3 , inclusive. 



3. Other Considerations 



[0080] Although the present embodiment was described as having a construction in which the oxidizing gas and the 
40 fuel gas flow orthogonally on the x- and y-axes, this cell unit is not limited to such a construction. For instance, it would 
be acceptable for the cell unit to have a parallel gas flow or a gas flow that varies from either of these. 
[0081] Additionally, if the polymer electrolyte membrane is thinner than that of the present embodiment (especially 
if the thickness is less than 50 urn), the present invention can ensure ideal ion conductivity within the polymer electrolyte 
membrane by having an even smaller water retention capacity. This can lead to greater effectiveness in retaining 
45 moisture, which can, in turn, lead to further increases in electricity generation efficiency. 

[0082] Also note that the construction of the cathode-side gas diffusion layer of the present invention is not limited 
to that of the present embodiment wherein the first layer makes contact with the cathode and the second layer is in 
immediate contact with the first layer. For instance, it is acceptable to have an intermediate layer between the first and 
second layers. 

so 

Industrial Applicability 

[0083] The present invention can be used as a small mobile electrical power source for automobiles and the like. It 
can also be used as an electrical power source for the household. 

55 
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Claims 

1. A fuel cell that includes an electrolyte membrane having (a) a cathode and a gas diffusion layer arranged in the 
stated order on one surface of the electrolyte membrane, and (b) an anode and another gas diffusion layer arranged 

5 in the stated order on the other surface of the electrolyte membrane, wherein electricity is generated when an 

oxidizing gas is distributed along and passed through the cathode-side gas diffusion layer and a fuel gas is dis- 
tributed along and passed through the anode-side gas diffusion layer, 

the cathode-side gas diffusion layer comprising a first layer and a second layer, wherein 
the first layer is in contact with the cathode, 
10 the second layer is thicker than the first layer, and 

the second layer is the layer along which the oxidizing gas is distributed and through which the oxidizing gas 
is passed. 

2. The fuel cell of Claim 1 , wherein 

15 the first layer and second layer of the cathode-side gas diffusion layer have a plurality of pores, and 

an average pore size of the second layer is greater than an average pore size of the first layer. 

3. The fuel cell of Claim 1 , wherein 

the first layer and second layer of the cathode-side gas diffusion layer are formed by adhering conductive 
20 particles to a fibrous porous base material, and 

the stated formation of the first layer and second layer further results in the formation of a plurality of pores 
throughout the first layer and the second layer. 

4. The fuel cell of Claim 3, wherein 

25 an average specific surface area of the conductive particles within the first layer of the cathode-side gas 

diffusion layer is greater than an average specific surface area of the conductive particles within the second layer. 

5. The fuel cell of Claim 3, wherein 

the fibrous porous base material is carbon paper and the conductive particles are carbon particles. 

30 

6. The fuel cell of Claim 5, wherein 

the carbon particles of the first layer are made of 

(i) furnace black or 

35 (ii) furnace black mixed with acetylene black, expanded graphite, fibrous graphite, or any combination thereof, 

and 

the carbon particles of the second layer are made of 

(i) acetylene black or 
40 (ii) acetylene black mixed with furnace black. 

7. The fuel cell of Claim 6, wherein 

the carbon particles of the first layer have an average specific surface area ranging from 100 m 2 /g to 1000 
m 2 /g inclusive, and 

45 the carbon particles of the second layer have an average specific surface area of less than 100 m^g. 

8. The fuel cell of Claim 1 , wherein 

the cathode-side gas diffusion layer, made up of the first and second layers, has a water retention capacity 
ranging from 0.5 mg/cm 2 to 1 .5mg/cm 2 inclusive, and a water retention density ranging from 0.05 g/cm 3 to 0.5 g/ 
so cm 3 inclusive. 

9. A fuel cell that includes an electrolyte membrane having (a) a cathode and a gas diffusion layer arranged in the 
stated order on one surface of the electrolyte membrane, and (b) an anode and another gas diffusion layer arranged 
in the stated order on the other surface of the electrolyte membrane, wherein electricity is generated when an 

55 oxidizing gas is distributed along and passed through the cathode-side gas diffusion layer and a fuel gas is dis- 

tributed along and passed through the anode-side gas diffusion layer, 

the cathode-side gas diffusion layer comprising 2 layers of varying water retentivity. 
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10. The fuei cell of Claim 9, wherein 

the cathode-side gas diffusion layer is arranged so that, of the 2 layers of varying water retentivity, the layer 
with comparatively high water rententivity is in contact with the cathode. 
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FIG. 1 
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FIG. 3 
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FIG.5 



o 
o 



— cm co «r O*- gcvj gco O^r 

Ouj <J5uj C^Lq CJuj ^uj ==lu =;uj =' 
So. ^o. 



is is is is m m 



Ss is is is SB 8S SB Si 




o 

CO 




3 => >< 
U1U.U.O 

i — 



Q. 



s * 



I 



o 

CM 



o 
m 



o 
o 



o 
m 



o 
o 

CO 



o 
m 
m 



O 
O 
in 



o 
m 



A^i / 39V110A T13D 



17 




EP 1 289 036 A1 



FIG.6 



O 
O 
in 




AUJ/39VnOATI3D 



18 




19 



EP 1 289 036 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/04505 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 HOXM 8/02, H01M8/10, H01M 4/86 



Accenting to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01M 8/02, H01M8/10, H01M 4/86 



Documentation searched other than mimminn documentation to the extent mat such documents are included in the fields searched 
Jitsuyo Shlnan Koho 1926-1996 Toroku Jitsuyo Shi nan Koho 1994-2001 

Rokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shlnan TOroku Koho 1996-2001 



El ectr o nic data base consulted during the international search (name of data base and. where practicable, search terms used) 
JOIS 

DIALOG (WPI/L) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 

y 



x 

Y 



X 
Y 



W0 97/13287 A2 (THE DOW CHEMICAL COMPANY) 
10 April, 1997 (10.04.97), 

Claims; page 10, line 32 to page 15, line7j Pig. 8 
& BP 853824 A2 & JP 10-513006 A 

& US 5882810 A 

Microfilm of the specification and drawings annexed to 
the request of Japanese Utility Model Application 
No. 38500/1990 (Laid-open No . 130150/1991) 
(Mitsubishi Heavy Industries, Ltd.), 
26 December, 1991 (26.12.91), 
Pull text (Paraily: none) 

JP 7-326361 A (Toyota Motor Corporation) , 
12 December, 1995 (12.12.95), 

Claims/ Par. Nos. [0055] to [0057]/ Pigs. 1, 6 to 7 
(Family: none) 

JP 9-245802 A {Tanaxa Kikinzoku Kogyo K.K. ), 
19 September, 1997 (19.09.97), 

Par. Nos. [00081 to [0012J Fig. 2 (Family: none) 



1-3,5 
4,6-8 



9-10 
8 



9-10 
8 



4,6-7 



FWhts documents axe Bated m Ifae continuant of Box C. Q Sec patent family s 



Uslicd tftcr the iottsniflliooftl f 



ilatato of dte art which ia net 
"B" eae^rdoconwat bnt poMfrasd on or after tfao fart e raatf oBa l iUfag 



document which may throw doubts on priority daim(s) or which is 
chad to establish the publication date of another dtatfop or other ■ **V 
special reason (as specified) 

CoCiancnt re fim ftTffll 0*^1 dc?C ? "«V Tg , ednhitmn or other 



priority dxlc and not in conflict with the application 
naderatand the principle or theory underlying f* ' 
TJT aoccmont o/partfcolar reiovanoc; iho planned 

" to * 

is 



date or 
but cited to 



do ocmenl published prior to the tnten»rianal 6!ing data but later 
dan tt» priority date claimed 




r of the same pa t ea t flunfly 



Date of the actual completion of me international search 
21 August, 2001 (21.08.01) 



Date of mailing of the international search report 

04 September, 2001 (04.09.01) 



Name and ro«iimg address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone No. 



Form FCT/ISA/210 (second sheet) (July 1992) 



20 



'1 



EP 1 289 036 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/04505 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 
jp 9-167622 A (Matsushita Blectric Ind. Co., Ltd.), 

none) 



24 June, 1997 (24.06.97). 
Par. Nos. [0019] to [0020] 



(Family: 



JP 7-22037 A {Kabushilci Kaisha Aqueous Research) , 
24 January, 1995 (24.01.95) (Family: none) 

JP 11-288727 A (Asahi Chemical Industry Co., Ltd.), 
19 October, 1999 (19.10.99) (Family: none) 



Relevant to claim No. 



6-7 

1-8,9-10 
1-8,9-10 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



21 



EP 1 289 036 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPO 1/04505 



Box I Observations where certain claims were found oosearcnable (Continuation of Item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2X») for the following reasons: 
1. | \ Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. f "1 Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such a 
extent that do meaningful alternations! search can be carried out, specifically: 



3. □ Cairns Nos.: 

because they are 



dependent claims and sre not drafted in accordance with the second and third sentences of Rnle 6.4(a). 



Box II Observations where unity of Invention Is lacking (Continuation of Hem 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

As described (on special pages) , in order for a group of inventions described 
in claims to fulfil requirement of unity of invention, special technical 
features are needed for linking the group of inventions so as to form a single 
general inventive concept, and it is recognized that two inventions classified 
as claims 1-8 and 9-10 are described in this International Application. 



1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



2. □ As all searchable claims could bo searched without eflcrt justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3* Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which feci were paid, specifically claims Nos.: 



n No required 
search report is 



search tees were timely paid by the applicant Consequently, this international 
to the Invention first m"«* >Mwl in the claims; it is covered by claims Nos.: 



| | The additional search tees were accompanied by (he applicant's protest 
No protest accompanied the payment of additional search tecs. 



Form PCT/IS A/210 (cemtmuation of first sheet (1)) (July 1992) 



22 





EP 1 289 036 A1 



INTERNATIONAL SEARCH REPORT International application No. 

PCT/JP01/04505 



Continuation of Box No. II of continuation of first sheet (1) 



In order for a group of inventions described in claims to fulfil requirement 
of unit of invention, special technical features are needed for linking the 
group of inventions so as to form a single general inventive concept, and 
it is recognized that a group of inventions described in claims 1-10 are liked 
in such matters that "a fuel cell which has a cell structure comprising, disposed 
in the order mentioned, a cathode and a gas diffusion layer formed on one 
surface of an electrolytic film, and an anode and a gas diffusion layer on 
the other surface of the electrolytic film, and which generate power by allowing 
an oxidizing gas to flow along the gas diffusion layer surface on the cathode 
side and a fuel gas to flow along the gas diffusion layer surface on the anode 
side, the gas diffusion layer on the cathode side comprising two layers.* 

However, since these matters are disclosed in prior art documents, for 
example, a microfilm (Mitsubishi Heavy Industries, Ltd.), 26, Dec, 1991 (26. 
12. 91) , photographing the specifications and drawings attached to the patent 
application, Japanese Utility Model Application 2-38500 (Japanese Utility 
Model Application Laid-open 3-130150), they do not constitute any special 
technical features. 

Therefore, there are no special technical features among the group of 
inventions described in claims 1-10 for linking them so as to form a single 
general inventive concept. Accordingly it is evident that the group of 
inventions in claims 1-10 do not fulfill requirement of unity of invention. 

in addition, according to specific modes of inventions described in 
independent claims, it is recognized that two inventions classified as claims 
1-8 and 9-10 are disclosed in this International Application. 



Fonn PCT/ISA/210 (extra sheet) (July 1992) 



23 



